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(54) METHOD AND DEVICE FOR PULLING SILICON SINGLE CRYSTAL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce vacancy point defects and 
vacancy lumps and to improve pressure resistant characteristics 
of an oxide film of a silicon wafer when it is produced. 
SOLUTION: In a method comprising pulling a silicon single crystal 
25 from a silicon melt 12 stored in a quartz crucible 13, the silicon 
single crystal 25 is pulled under such conditions that, when the 
temperature gradients in the crystal axis direction at the center 
part and the outer peripheral part of the single crystal 25 in the 
vicinity of the solid-liquid interface between the silicon single 
crystal 25 and the silicon melt are defined as G1 and G2 C 
C/mm), respectively, a formula: G2-G1 <1.3 (** C/mm) is satisfied, 
and the time until the temperature in the vicinity of the outer 
peripheral surface of the silicon single crystal 25 is lowered from 
1,400** C to 1,000** C accompanied with pulling is >400 min. 
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(54) mmo^m] i^vn>mK6&<o9\±if:»m&xf^<f>mm 



(57) CSi^] 

mm) i:-rsii^, >";3:y#^S;g:G2-Gi^l . 3 
(TC/mm) O^ff^SS/fcU. 5!)^0?|±mc#oT->U 
nv^Jga^Z 5 (Dir\.^W}i^(OUm*i'' 1 4 0 OIC*^?, 1 
0 0 O'Cfc^T-rs^T'O^F^jbM 0 0^iU.±t^^^ 



12 i^ysvMK 

13 SXSoIX 




30 mmm^^ 

31 
3U 

3Ib »2T!>^=i 
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2 (°C/mm) i:-r5i:#. :^^cr)S (l) ^?^/cL. 

Of i±tf {c#-p thuibv- v 3 y^^as^B (25) w 

1 4 0 0 vt)^^ 1 0 0 0 "ctcKT^r^ 10 

G2-Gi^ 1. 3 (°C/mm) (1) 

(i2)*W@?nfc5^So(?(i3) i:. BufH5llSo{?(i 

3) toj^i-iiiffi^sH LMtai^ y 3 (1 2) ^sni^-r ^ t 

y n >'#^^h(25) (on^ffi^SH b*^oTWHul2j^ V 

3 ^'lajiS ( 12) affi*^ ffilB^feJt T±;)^ »c UMIB t 
-^5f(18)A^P.<Ofil^^^Jfi;SRfiittcDf^5fiM§l3**(30)i: 20 

^{i;^ toy V 3 v^i^^B©? I±tf S«^c43^,^T. 
Mt3^iKSP«(30) <D»*?f (31) OTSP*^T??{ci^d (cfif 
oTif£@jbVh* < 1 7">^'n-y(3la){cJKj|R* 

HufeS«(3l)cD±gp*^±;^(i:[qj-5{i:fifor*@7!)^:*;lr< 
*«m2T'>^n-V(31b){cm^?n> 

Huia^ 1 z'>^3->'(3ia)Rt;MfBa«(3i)o4'raa5 

(31c) *^T:^{C|6l^ T¥S*Vh^ < 1 

n— (32) J; <? atjn. 

HafBmi-YV-^-3->'(32)tMt3^1 7'>^»3->'(31 30 

a)Slf B«Ba«(3i)0"f Hg|5(3ic) fccDSt;:^ 1 UM^ 

(33) ti^ym-^n. 

M les 2 T 'i' ^» 3 - ;y (3 1 b) *<±73 {c |pi ^ {ct¥ o T *S 
< *sm2 y:fn-i/(34) i:MfBll2 

-y (34) <DT(^{caig^n*^Otf|tBm 27'>^3-y(3 

ib)©Ti«5fifi|{i:jgi!-r«)Sg(36)i:{cj; •?St>ns 
HulIB^ 2-fyi-=i->' (34) R If MIBiSE (36) t MIB^ 2 

r-^^' n-y (31b) iiop^fc^ 2 (37)ft<3^«^ n 

CMa^^S] ^1 79^3-y(31a)C07K¥ffli:<0:* 40 
•rft]K^0ii:L. ^2 7'j7^fa->(31b)c737i<-spffii:© 
^-r^jS^SztU ^2-1'>'•:^3-^/(34)i:]^g(36) 
i:0*-rftjS^a i:L. HuIBJ6g(36) i:S«(3l)(r)'4>P4 
gP(3ic)i:a:>^-r^if^jSi;U MIB^ i T'i'^'rj-y 
(31a) fc^ 1 -f>i-:3-y (32) t(orj:'mm^ y tU 

mm^ I ^yi-=i->(32)<Dp=imm(omfE^ a tL. m 

mm2-<l^i-Zi->(34)<D^{Qm<D^t^btL. fulB 
m 1 7'>^3->(31a)<DT*S*^e.±4SST'<D&^It77lRl 
tO^gl^Li i:L. MIB^l 7'>:5rr3->(31a)£OT^A^ 
?.h9SB^1 'ry:»-3-y(32)0±iSSST'fl[)&^Il7?|3l<DS so 
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m^LztL. tufBm 7''>^?ri-y(3ia)cDTi^*^P,tiji 
tarn 2 7 3 - >(31b) (D-fi^^ T<DM^\&:^l^<D^m 

^LitL. mBEmi-^yi-u—y(32)(0±mi}^^msd, 

mzT =i-y (3ih)(DT<^^v<Dmm.:ff[^<Dm.m^ 

l^t-r^t^. :k<r>^ (2) ~ (1 2) ^mctm^ 



«2|B«©§l±tf^«o 

0« < 01 ^ 5 Oje (2) 

05 < 02 ^ 9 Oia (3) 

1 Oa ^ a ^ 6 OS (4) 

6 OS ^ i3 ^ 1 2 OS (5) 

1 OS ^ y ^ 6 OS (6) 

Omm ^ a ^ lOOmm (7) 

Omm ^ b ^ 1 OOmm (8) 

0mm ^ Li ^ 1 OOmm (9) 

lOmm^ Lz ^ 50 Omm (10) 

30mm ^ L3 ^ 800 mm (11) 

1 Omm ^ L4 ^ 300mm (12) 

[000 1] 



m (czm) {cj;»?5i?§o{£tcifs^nfc>'yn:/» 

Co 0 0 2] 

«m^-9-fe7°^ 4 ^cit2^$nSo i^y n viij^2«5^ 
§ ■::>{S 3 <o;iH(cgeB L /cPijSit^cD - ^ 5 T^^fiS 
icira^ftjffli*n> c: <o-> y 3 2 *^ y 3 

-'^ 1 rttc«)^$tT^7;l/r}>;^fX^ajg^-y:T5/y 3y 
[0 0 0 3] iif*. ^5aiKgP«9{±7-y/'?y V^^'SilC 

±tf e,n^ y 3 >mi^^B e ©jsH^SH-r^Rfgitto 
So c:cD!^jg(ffig|5«9t±;?3-4<y. ^yy-r>. 

9^ffll,>T. *i^^B4'lC-<-;<7y->-^S^Pi (vacancy 

pointdefect) ?r5fe C i ^3SST->y 3 

?l±tf /c«^T*fe. ?l±tf7?[p]<DS^] 1 4 0 0-1 0 00 



3 

<D—of)-^iimm.Lrc!Si^m^i^^o comm. coDmi^ 

fkMO HBEfttt (Time Zero Dielectric Breakdown. T 

ZDB) iiimmmi^^?>o 

Co 0 0 4] —77. *agSA«09{c^-rj:'5fi:. ^jS 
¥ 1 1 - 1 7 7 5 3 5) o S9fi:43l/>T. 08 fclBI— #1 

^ifY L T^SMi 7 <D±gp{cMX#tt e. n 5 o f^^gPW 1 
0 cDTfi^ I Oht,ii/V=i >mm 2 <DSffi5fi^fceg 

(ffis 1 0 c (07S<.^micnf^m^n 9 lis os-^fe-So 
^3i«si5** 1 0 immcmmmmf3'ibrj:^uu^ i o e 20 

*3^«b/c:;^7-vK>';Kl 0 f (cj; O^^^n^o COl^ 
jS^gPW 1 Oii. ^<D-Fi& 1 0 d i)'i±^J^Omm^j:U 

mm I 0 eT-j^^^nTi/^§o cKos^ji^ap^i o^m 

B3fi^ T'0#?grBft''DffiBS: t;#MfB^^E{ii«{c *3tJ 
SieSW??|nic»iaa^g2^r^-n^txGi CC/mm) & 
tfGz CC/mm) fc-T^irtt. MrU*<&JgH<OM (Gz 
-Gi)*M. 3 (X;/mm) :g]SJi<T-eit®e^/h^t.> 

S^fc^S-p/fc^ — — HS*3 (vacancy agglomerat 
es) A^JgfiSc^n{c< <*So CCD'^— HStifc 
COP (Crystal OrlglnatedPartlcles)-^ F P D (Fl 
ow Pattern Defect) ^*^fe5o C O P {± S C - 1 Stjf*^ 

Lfc->'J nyr>i-'^^rft[^H^t¥x>y^^;/ (Secco 
[0 0 0 5] 

}«coB?sw®3fi^T'<o±ieMfSia^Be©s ( g ? - c i ) 

iS^Z. 0 (°C/mm) g«JL;(±T'iti?6*);^^<=5:^^c 
i6. C0Pl|O=^7t;^^l%T'feS^-;^7>v'-BSt)CD 
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^MMgUM 1 o^ffli>/c^. §(±tf;^iq](D*^) 14 0 0 
-1 0 0 0 °C(D?aati5H*^i:[:^WSl^fci6. m^s^a^xD 

Co 0 0 6] 2fs:fgB^cr)gegti. n^'^ja^cD-^-;^; 
Co 0 0 7] 

fc U 3 I 2 ?, «; 3 2 5 ^§ [±(f 5 

^m^m^^commism'^^ti^tiGi (°c/mm) r 

t;Gz (X:/mm) fc-T-St^. i^cDiC (1) 

^l-SSjfi^OSlt*^ 1 4 OOVii^iE) 1 0 0 0'C{cKIT-r 
«*T*<D^Fa*M 0 o^J,:i±fc*s j:^{c5l±tf5<if: 
^I^^S i: -r i. -> 'J 3 >#ieS<o? :?jffi-Pfe;5o 

Co 0 0 8] 

G2-Gi^l. 3 CC/mm) (1) 

(G2-Gi)*M. 3 CC/mm) SfiJXTT'iti^e^/jN 

^ix-at t) (Dmmtmmt^o s fc#)Ks 2 5 
^ffiifi^oiaa*^ 1 4 0 0 t;!b->e> 1000 'ctc^T-rs 

[0 0 0 9] m^mzicm^^mit. ^-w/^i i^^c 

K:l't?,n>"j3y^?$i 2*W®^n/t5^S'Q(^i 3 
i:. tl'DS^^-Oj? 1 3(D^J1®^'SHL>'U3>'S!?S 
1 2^AD^-r^k:-:5n 8i:. $/'j3>'H4fSi 2*^^fl 
±1/6 U 3 2 5 O^I-^ffi^SH L)!)^OT 

So ii3fiietSP**3 0os**3 10 

3->3 1 atCffM^n. SM3 l(D±gl57b^±:^{C(^-9 
(Ct^-:3T¥@A^:^^<:&§^2 7"i7^3->'3 1 hicB 
^17'>^3-^/3 1 aRZfmmS IflDcfiF^gP 
3 1 c7b^T77{C[^^{cSf-pT^g*VjN?<:&;5^1 -fv 
■^3-^3 2iCj;»3fflt)n. dcDm 1 -l'V-:f3->3 2 

t^i 7'i;^3->3 1 a&r>*a«3 ico^m^s 1 c 



3 1 bf)^±:^tc\ti^ic%-ox^mi)'i±t<^^m2-cy 
im^-Dmz7'tf^=i-y3 1 h<DrfQi&mimmt^ 

g3 6fc^27«i7^f3-:/3 1 ht<Dmicm2UiMi$t3 
[0 0 10] ,0 

7tcgi^^n« (01) o so(SiK»¥©i 

7 1 3 ^iHlte^-tirSm 1 IHfe 

t^mu. c:ne.cDt-:5?{c<t»?5^;50{^l 3 3t)^mS 

■dXI^^o 5II^0{S"1 3<D^1.^B{i5^;5o{S'l 3*^ 
e-m^coP^ffi^^ltT;?;— jJOti— 1 Sic^K/^mS 
con— ^ I 8t±fSfiMil 9tCi!3-SH5n'5c t 
-^18 t±5^So{^ 1 3 (cSA*nfe?gMSO'> V a 

tt?.nSo ?\±if^m2 zii^—yy^z i<o±^mic 30 

7i<Tttffii?ifi^ iHi Ritg fciatt p. n/-c § i±tf K (.mTji^ 

•f) CKD^-y K^lHl$i5-y:^^2|51tefflt-^f 
m^-f) 'Ny K*''e.H^§o{? 1 3<0|Hlte4''L4i:(pj 

Sitte.nv-r-V'^— :^;i/2 3>£:#^t)x^±i^ttl■r?l±^f 

(DTt^icitiyv =iymm 1 2 fc^ibT5/u n>mi^B^B2 
5 ^5 i±tf « fctooai^s 2 4 *wtti- ?. nso 

[GDI 1] Srcy-S/y^/Z 1 <DjlM{C{if--v>'/^l 

<o^fi&/wy2 7t)''mu-^n^o sfc^-v>/^i i<?5/s 

S*ct±^Stt;?fx;&«pmt-5fci6©gfm/^-i':?'2 8<0- 
iK^n^o «is/wy2 7&ifPtti/w:/2 stcwiin 

■r5miRt;il2i?it«i)l^#2 7 a. 2 8a*<^-n^n 

fctiD-^Uxyn— ^ (la^-li-r) if-m^lihin. So 
t^iKBd^® 1 7 {ct±5^;5o{r i 3 rt<D-> 'J n i 
2<oaM«r^ffl-r«MS-fei'1t (0^-&-r) i:. S^Wl so 
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•f) "^^StJffliAt; (cM^^n. ny^n— 7<DM®tt):^i± 

(cl±;><*U *^^tte.n. COpf^'JfctiD 

3 <D#ffi? 0 . n ^^ifSe^H 2 5 CO? I±^f 

Jt-r55^§0(^l 3F*3(D'>U3V»!?gl 2cD?SffiP^ 

Coo 1 2] $fc>^Un>m)SSIl2 Sco^^jgffite^S 
■oj^i 3<Drt^ffii:(r)Hfi:tiv"j a>^j^^2 S^SH 

•rs^jfflRgPtJs o*^i9:it?.nSo 0U£:f^L<*-r<t 

9(c, CCD^Jg^gP^^S Oti. ^CDS«3 1 OTSPA^T 
:;^{C|p}^{CtJeoT^g*Vh?<:&^^ 1 7"i'^r3->'3 

1 atCiFg^^n-5o $feaM3 1 <D±g|5*'«±;^tC[R^'5fC 
tie^T¥@*^:*:^<*5^2 7">^f3->3 1 bfcjgfig 
?nSo SW3 lcDttif^g|53 1 ct±W7''>^3— >3 1 
at 3 1 b<DP^(C|5lt?>n. 5l5SO{?l 3i:|5lWfcP3 

$<:*§3->'Tfe<tt,^o ^IT-j/^fn— V-S 1 aS.t>' 
4'P^g|5 3 1 c{±T:^{i:[qJ^(Cfi!oT*g*VjN$<;5:§m 

1 -YV-fn— >3 2fcJ:t)S*>n. Hi -Yv^hn— >3 

2 tH 1 T'i/^n — ^3 1 aRt/cfr^gPS 1 c tOP^tC 

^t'm\u-(§M3 3mm^r\.^o ^fc^zT'^^zi—y 

3 1 bt±. ±;^rtci^^fcti!f-3T¥g*^:*:t<^-5m2't' 
^•^3->'3 Aiizi(0'^2-<y-rn—yz 40TSS8fc:a 
^^n*^Oll2 7'>:5f3->'3 1 bOTi^fcgJ^-rSJg 
g3 6 tfCJ; t)?lt>nSo C<D^2-f' i/3 4R 
U'iSgS 6 tm2 7"i;^3->'3 1 bi:(DP^(Cl±^2« 
miZ 7*<3t«^nSo <lom2 7">^'3-V3 1 bO 

±mic\,tmu3 \ (Dy'yyi/n>3 i d:6^aig:?n. 7^ 
y'JU3\ A tifsrufs 1 9 <D±gi5(ciatt e. n/i 7 -y / ^ y 

>'y2 6{c5{{^ftt«j:i:tcj;t), Hi Z'J'^n-VS 1 
a OT4S*^-> y 3 ygJ^iJ 1 2 CiSS*^ P.BFf^OKBifctt 
±77tcfi[B-r5d;'5ti:^;§o m l T-i^^n-y 3 l a. 

'*'F^gP3 1 c. H27'j7^3-y3 1 bSD*7^>>^g|5 
3 1 d «-i*6*|fcj^fi!e?nSo S*J3 K M'TV^^n- 

>'3 2, 3 4RtfjSii3 6t±^n^*n;^j-4<x ty:r 

iat*3 3. 3 7«:7x;l/ht«cOi^^S^i|SfcJ;f)®^^n 



[0 0 13] v'Uny^^g^Z ScDitg^DfcU mi 

m^RitL-. 5^?,-3{£l 3tD¥g^R4 

( D/ 2 )< R 1 < R 3 < R 2 < R4 cDMf^^#-r § cfc {Cff^ 

KW3 i(Di4'^gP3 I cfc©:ft-r^*;&/si:b. ^17 
•y-^zs-ya 1 atmi ^'>':^n— y 3 2 to^-r^af 

^ytU 111 -O-tn-y 3 2<Drt!^®co;«?^ai: 
m2'(':/-;^3->'3 40rtSffi©;l5$;Srbi:L. H 
IT-i/^n-yS 1 aOTfiS*^e.±4fSSl?<DiSig;^I«I<D 
iSSI^LifcL. Hi 7'>^3->3 1 a©T!^*^?,|| 

tL. mi T'y^=i — >3 1 a(DT!^A^e,H2 7'>i5?n 
->'3 1 bOT!SS^T*cDSiie?3[RF<DKJ?l«rL3i:L. |g 
1 ^V-f n-ys 20±!^A>?,H27"j7^3— >'3 1 b ao 

(2) ~ (1 2) ^?«/c-rj;-5(c. mMm^^3oi±m 



Coo 1 4] 

OS! < 01 ^ 5 OiS (2) 

Ofi < ©2 ^ 9 Oft (3) 

1 0* < a ^ 6 OS (4) 

6 0*^/? ^ 1 2 Oft (5) 

1 Oft ^ y ^ 6 Oft (6) 

Omm ^ a < lOOmm (7) 

Omm ^ b ^ 1 0 0mm (8) 

0mm ^ Li ^ 100mm (9) 

1 Omm ^ Lz < 5 0 Omm (10) 

3 Omm ^ L3 ^ 8 0 Omm (11) 

1 Omm S L4 ^3 0 Omm (12) 



r^^mm-r^o u n ^m^^^^b 2 5 ^ u n i/mm 1 2 
^m-&(o^ i±jf5iftT-? i±{f 5 1 . c © 'J 3 ymm 

^'SiJS 1 2 A- J; i3 m 1 {SS** 3 3 O^Uft*^ « 

±#LTl/^§fci6. i^'>ln>#i^^B2 5*^eomjli;S:«C 

^t±«]fij$n, u 3 vmjgg 2 5 on^gpomiS^ia 

ftffiT^PIlhT- # 5 o C jaeiT-«5D#)^S4'o 
fiEHR tf #^B^B^^ffif4H{c felt ^igB^BW7^[aj(D?aft<&i 

ia^^n^'nci cc/mm) ro'gz cc/mm) i:-r 
stt^ wae^iaos (gz-gi) «i. 3 (x/m 

m) WTfcJftO^ i"Jni/*^^B2 5ifiOgifi77|oI<DiS 

ft'£)Ba<^)g?^|Bl^^3!)^BSl^-{C:&§o ^<Dt^^. COP 

■rso ctowiaft^BEoM (cz-gi) ei so 
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^2 0~4 0ft(CL. Qz^S 0 — 7 OftlcL. a^3 
0~50ft{CL. j3^8 0~l OOfttcL. y^20~ 

4 OfttcU L4^ 1 0 0—1 5 Omm{C-r-SC:i:{CJ; 
t). Stc/jN^t^i. 0 (°C/mm) JWT{i:-rsci:*^t? 
^ ?) o 5 fc >"J n vmiSa^B i: n y ^?g<D@?S^iiJfi 

v^U:3>'^^b^b2 5 tv'Unyfflit 1 2(Dia?g 
Wffl*^?.^g^W:^lR|»C0~l Omm(in/c:ffi«*t/^'5o 

COO 1 5] $fc>";3>^ie^B2 5*<?i±tfe.nT. 

IS 1 3 3 tmzumi 3 7 (dp^cd^^ a m 1 ) 

;«rx<DiSJT{c J: T f^fO^iiA^'tb^je^j^:^ < 
i^jtt-^o ^/-c«iS^^3 7CD#a{CJ;»Js -^Un^^i^ 
^b2 5A>?.'<DfiS[^«ffl]$iJ^n5o ^(Dfztb. CcOffi^A 
S.t>'H2'l'>'-f 3— >'3 7{cg§-r-5#ieS2 SO^^-iSffi 

<Diaft*^^T L fc < < * t) . 2 5 cD4I^^&t;^1-a 

®i£^<^iSft*^ 1 4 0 Ot*^?. 1 0 0 OX^fC^Tt"^^ 

T-O^P^*^ 4 0 0^iU.±. ^f?$ L < « 4 3 05^tX±*^*^ 

|3fiSBft*HfiM-r«o 
Co 0 1 6] 

5 ± 5 mmCD'> U n ^-^^b^ 2 5 %^\±if^rzisb<D->V 

=iz/mm^B<Dm±i,fmm2o^m^'rco ccd^«2 o© 

^ifilKgWS 0©Sg|5fflO'9--l'XRtf^ft«lJ(T©51»3 
TfeSc ^ 1 :/3 2i?3Ti^(0^@Ri« i o 

0mm-?rfe!?. <4iP^gP3 1 c (D^gRzti 1 9 5 mmT' 
^2-^V•:^3— ^3 4<DT«cD^@R3tt 1 0 0 
mm-Z?fetl, 53ISO{?l 3<D^gR4«2 2 0± 5m 
m-pfeofco ^/iH 1 T-i/^^n— >3 1 aOTKTMilcO 
^■rftfteit±3 OftT^tJ. H27'>:Jr3 — >'3 1 b 
O*¥®i:©*-r^lfi0zJ±7 SftT-fe!?. H2-r>':^ 
3— :/3 4 t&ms 6t.<Of3:-tf^mal±5 5ftT?fet). 
/Sg3 6 tm^3 1 C0cfP^g(53 1 c ilO^Sfftft /S « 9 
OftT'feO. mi7'J'^fn-y3 1 aii^l-fy-^n- 
^3 2 i:0*-r^fty«3 5ftT'*-pfco Sfcmi^V 
•^3-:/3 2tDF«j4SSffiOS?a« 1 5ram1?fct)^ ^2 
-YV-^n — ^3 4cort4SSco;^^ bt± 1 OmmTfe-:? 
/Co MtcH 1 7'i'^3->'3 1 a(DTi^*^€,±i^$T'0 
iBiS73|pIOlE^Li«3 OmmT'fet). ^17^7^3- 
:^3 1 a<DTffi*''P.^l ^y^J-n— >3 2®±SJg$TO 
i9lt73lRl®SggiLzti 1 1 5mmT-fet). Ill 7'^^'n 
->'3 1 a<0Ti^A^e.^2 7'>^'n->'3 1 bOTiSS 
T'OgiiS77lnIcD^gtL3{i2 5 Omm-l?fet>, ^l-T:^ 
:^=l-V3 2<0±(^*^&m2 7'>^3->3 1 bcDTlS 

3 0 3 1 iiS-<:/-t3 — y 3 2, 

3 4Rifmm3 6^tn'enA-^^>i,cj^>:)mf&L. m 




(6) 
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Umt3 3, 3 7^7x;l'h«<Di^^i^mfi:i;!p}g^L 

[0 0 17] <Jt«?Pl >0 8{c^-r<t3*IIS60iJi t 

m-m.m(Diy V n ym^^B e ^? l±(f ^ fc46cDiy U n >■ 

llgli 4 0 0mm. lS;?t± 3 0 0 mmT-fetjfco S/cn 
— VgPQ c (D±i^<D^mt 2 0 0 mm, T^^O^gii 1 
OSmm-efet). B^i± 5 SmmT'feofco ClcDf^ji^ io 

[0 0 18] <imm2>m9ic^Tj^v^mmmi t 

±ifmmicity^yi^m i o a. t^^m i o c , ri^gp 
1 0 d Rzf:ti-^s>m 1 0 f ^mt^m&mmit i o*^ 

t5^t?.n§o Ti^ffil 0 ctD7K¥ffii:O*-rftS0t±3 20 

oa^Tfet). ti—:r->m.i o f o:>±i^^^mli 2 0 5m 

m. TflS^@« 1 0 0mm. i«^t±3 5 Omml?fe^ 
/fco SftTl^gl? 1 0 dcD^gt±2 0 0mm, mSitlB 
SmrnX'^-ofco 1 0 fR.?>'f*SWl OeO 

ep«9(73Jg«&([/t^-^X^^MLfe^:^:^^^^T. HSfi 

[0 0 19] <jmm^Rzfmm> 

(a) ^^^i:raa^iBM 30 

mmm i . tbt^fiwj i Rzfitmm 2 co^^ i±sf ^g-es^ v 

{C43t^T. /cTlftti-^ynymfaB^aCOniBJfiei (D/2 
= 7 7. 5mm) <OiajS^;^L. <t ClMttH^K^®*^?) 
O^EJS^^-To ffl?S^a*^e. 3 0 Omm<Dilf?fl5<4Ktc 

iCTn-rMM&i 1 T'{± 1 0 0 0 x:Rif9 6 0 vic^n^n 

^^-ga^atOHit^ffiifi^ (l^a*^?)l Omm) OSS^^ 

mt-^^mm^a'p'biiLmcDmmmsi&m mmt)-'^ i om 

T't±2. 0 0°C/mm%StPi;LTl 0 0%i:bTl^ 

<Dm=^ I 0 0% tLtct ^(ommm i Rifitmm z <d^ 
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ffiBtcisv^T. in 8 ic^-tit^m 1 Orae^ieMA^ 1 0 

o%<otti>c. m9ic^stitmm2Rifmzic7ntmm 

m 1 THt^tl^tim 6 7 6 2 %tcffiTL. S:)^ 

Co 0 2 0] (b) C OPCom. 

mmm i . imm i R^tmrn z co^^ \±immi>z^\^^ 

3 O ' J n > ^ ilga^a ;«)^ e, ^ J n fc >"J 3 X - 
^CtlC^*?. *S6-r>5^T'*?6 5 0 + 2 S/imO 

[00 2 1] 1 s itmm 1 Rmmmz(D^iyv 

3>"j7x— /NCOSffiCDiag 1 5 OmmcDRrtfCfclt;^ 
0. I Z iJ.m&.±<DCOP<Dm^ly—^/i—f-'<^;li} 
(KL A-T e n c o rth»!v SFS6 200) 

•To 
[0 0 2 2] 



mil 





0.12/ziniy.±<DC0P©ft (ffl/cm') 


mmm i 


0. IJil T 




1. 1 




0. IWT 



[O 0 2 3] ft 1 *^?.B^P.*^;feJ;3(i:, O. 1 2 /i miX 

±CiCOP<DS[;^\ itK^JiOv'Unyj/x— /N-Zrt±¥ 
l/cm^-e^-pfcOfc^tLT. SISSMl&Cftfc 
l5[Wl2(D>"j3>"j7x— /Nl?«^n^n¥i^O. Iffl/ 

[0 0 2 4] (c) ^fbSBE^tt 
COP ^SO^Lfc-i/ x-M t IHiMOllSfSfiRI 1 . OMm 1 
Rt>*ltt!JCT 2 (D^i/U 3 >>> x-/\}c:'Oi/^Ti?ftM»ff 

( T Z D B ) OpJS^fT-p fco S'J^ L /cv' y 3 > >> X- 
''^<D3•^. — g|3t±6 6%02|?HMT. 1 000°CT'l 
5^^-ia^SU 3St)t±^cof^aU«*^-:3fco COW 
Sti-^x— >'Naffifc/p^2 5 nm<D^fid^^0^L. 
©±{i:«®;&ffMLT, 1 OMV/c mcDitgftltJE^ 1 
OO^F^epilPLfeo EUilOLfc^. S«|nIfi|{cmS^B3*0 

Ri^Jg^WtBLfCo 05 (a) . 06 (a) Rtf07 

to ^rms (b) . 0 6 (b) R-cfm? (b) fcssM 

Sbfc^SS^lJ 1 cO'>x-/\ l:bl5«?IJ 1 cD-^x-zNj^a'Jt 

I8^j2 0'>x— /^(D^m^^n^'n^■ro 0 5~07{c 




(7) 



[0 0 2 5] m8ic^.Lrc^\±i,mm-(:5\±iftcmm^ 
Lj (0 6 (a) ) o'yx.-/s<omimmmitm-^-^ 
(b) ) (Di; ji-/s(Dmmm&i±. mmmic^-Dn, 

(a) ) CQ-^x-ZNcD^ftJ^HJEti^^-^fCfgA^^fco L 
L C O-^-;^ >~>'-jiSj:i^P(§cr)1fi'X*^ 0 . 1 2 /I 

(b) ) ^^>'>i-/^^D^^bMiifE^i. l^atc <t T'^ 
<D r^^iail^Lj (MS (a) ) cD•^'x-/^<D^^t:Ki^ 

fffe. WMmi<o ^mm.hK)i (ss (b) ) co-^/x 

■SS*J3 3fi:j;»3 C O P^O'^— ;i;i/>'— @S DcDH:^ 
Co 0 2 6] 

^OSa^EfDM (G2-G1) *M. 3 CC/mni) jg* 
WTT*^:be^6g/J^^ < rj::^rctb. COP ^cDH:^7T^^R§T' 

fTs ^fci^i^So^l-^Sjfifiloiaia*^ 1 4 0 oic*^e, 1 
0 0 0iCfi:^T-r5$T'co^W^4 0 o^JW±i:«<-r 
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-So 

Mo 

m 3 ] mmm 1 . jts^fiaj 1 Rxfitnm 2 <d-> u 3 
[ia 4 ] mmm 1 . itisfi?ij 1 Risitrnm 2 ov- u 3 

[IS 5 ] MMM 1 o u 3 > -> i -/ ^^cifi^i^^«ff giito 
[06] tbtJfiwj 1 <Di^y 3:/>>x— /^fi:^l:^ftWi^Wi)^ 

[07] i±WJ2 0v"J n V^x— /N{Ci£i!f[«]E*B3An 

[08] fie*cDs/ u n -ymm^mo^^ \±imm(D±i^mi^ 

0c 

[0 9] fie*<^3Sij£0 U 3 i^#i^S<5D§ l±lf gB<0:^# 

1 2 ~>U=i>a}^ 
1 3 S^^Oi^ 

1 8 ^ 

2 5 -> y 3 V 

3 0 ^jfiiBigP** 
3 1 &M 

3 1 a miy'y^=i—> 

3 1 b m2T'y^::i—> 
3 1 c "fi^gp 
3 2 ^WV-^^— y 
3 3 ^1 ^ig;^ 

3 4 m2^'y-t=i—> 
3 6 mm 

3 7 ^2«a*J 
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[02] 



12 i^v =3 

13 ^^i,0\i 

25 i^v =i:yn 



27 27a 




30 mmm^J^ 

31 mu 

3la ^1 T??^^'- 
31b 3B2r!>^=»- 
31c «J'WSIS 



32 ^ 1 ^^-^-=1— :x 

33 ^i^ia«- 

34 i^•:^=^ — 

36 mm 

37 !g2m# 



[03] 




20 -^y 3>^3gfi<o9i±.»f^e 

13 

18 fc — 

25 'VyraVi^fi 




[05] 



(a) 



100 ISO 200 

mmnmt^h(omik [mm] 



300 



(b) 



■ 



1 




m 



(10) 



nrSZOO 1-26 14 



[09] 




(72) ^mm mm n 
(72)fgB^« 'm Mm 

l$5«;*:^Tl5dtmiTg297#«fi =^ 



F ^f— A(##) 4G077 AA02 BA04 CFIO EG 19 EG20 
GA02 HA12 PE22 
5F053 AA13 AA26 AA46 BB04 BB13 
DDOl FF04 CCOl RR03 RR20 



